Abstract: Based on the development of the industrial structure of prefecture-level resource-based cities in Northeast China, this paper selects three indicators of industrial structure-diversification, rationalization and upgrading-conducting empirical analysis on the transformation of the industrial structure of these resource-based cities. The effects of the industrial transformation of resource-based cities of the same kind are analysed and the development of industrial structure in different provinces is compared. It indicates that the transformation process and adjustment effect of the industrial structures in resource-based cities of Northeast China were different and were not very satisfactory on the whole and the secondary industry was still the leading industry in most cities. In addition, the article analyses the impact of the industrial transformation on the economic growth of resource-based cities in Northeast China. It can be concluded that the rationalization and upgrading of industrial structure generally promoted the cities' economic growth. The promotion of industrial structure rationalization was greater than that of upgrading. In order to promote the sustainable development of resource-based cities' economy in Northeast China and solve problems in the process of the cities' development, two suggestions are proposed. One is to pay attention to the rational development of the industrial structure, so it is necessary to strengthen the overall planning of resource-based cities in the Northeast region, promote regional coordination and rationally arrange and adjust the industrial structure from the overall scope of the region. Another is to continue to promote the process of industrial structure upgrading by introducing high-tech industries through preferential policies and to develop relevant industries based on the advantages of the cities, instead of just extending the original industry.
Introduction
As the first heavy industry base built after the founding of the People's Republic of China, the Northeast has formed a complete industry system centred on steel, machinery, petroleum and chemicals. Since the 1990s in Northeast China resource-based cities, the Northeast has successively entered the mature and recession period of urban resource development 1 . Since 2003, in order to promote the economic recovery of old industrial bases such as those located in the Northeast, the state has developed a series of targeted recovery strategies for these areas. Under the active promotion of various strategies to revitalize the old industrial bases in Northeast China, the economic growth rate of the Northeast region increased by over 8% during the period between 2011 and 2014 and the 1 State Council. National Resource-Based City Sustainable Development Plan (2013-2020), 2016. revitalization strategy achieved initial results. However, according to the economic statistics from the end of 2014 to the first quarter of 2016, the economic growth rate of the three north-eastern provinces had not maintained the same rapid growth as the previous period, instead, there had been a big decline. In response to the problems in the north-eastern region, the National Development and Reformation Commission publicly released a plan called "Promoting the Three-Year Rolling Implementation Plan for the Revitalization of Old Industrial Bases in Northeast China (2016-2018)" on 22 August 2016, clarifying 137 key tasks and 127 major projects related to Northeast China, which are expected to have a total investment of around 1.6 trillion. That shows the Chinese government's support for the north-eastern regions' economic transformation policy in resource-based cities.
However, referring to the effects of the public policies on the industrial transformation of resource-based cities in Northeast China, quite a few scholars have conducted research to evaluate and analyses the development of resource-based cities and their transformation effects. Qi Jianzhen (Qi 2004 ) proposed a relatively completed indicator system of resource-based cities using four aspects of economy, resources, society and environment. Other scholars not only constructed an evaluation system but also carried out empirical analysis of the economic transformation of the Daqing and Yangjiazhangzi economic and technological development zone in Huludao, Liaoning Province (Che and Zhang 2011; Cao and Wang 2011) . Further, 11 indicators were adopted to evaluate the effect of industrial transformation of 11 mineral resource-based urban areas in China and the bottleneck of industrial transformation was analysed (Sun 2014) . In this way, the innovation path of industrial transformation of resource-based urban areas was obtained. A transformation evaluation index system was constructed and used to evaluate the low-carbon transformation effect of Panzhihua, which was taken as an example (Zhang et al. 2016) .
From the perspective of industrial transformation to evaluate the effect of transformation of resource-based cities, scholars adopted different indexes. As Yang et al. (2019) reviewed in the earlier research literature, the industrial transformation usually only refers to industrial structure upgrading, which refers to the dominant industry shifts from the primary industry to the secondary industry and then turns to the tertiary industry. When selecting an indicator of industrial structure upgrading, Zhang and Zhang (2015) selected the ratio of the added value of the secondary and tertiary industries to the total GDP value of the current year as the measurement index. While Duarte and Restuccia (2010) and Gan et al. (2011) thought that the proportion of the added value of the tertiary industry may not be suitable for calculating the industrial structure upgrading of all countries except for China. Li Lei et al. chose an index of structural upgrading with the ratios of the output values in the primary industry and the secondary industry (PI1, SI1) accounting for GDP (Li et al. 2018) .
Later on, some scholars suggested that industrial structure changing should include two dimensions: the industrial structure upgrading and the industrial structure rationalization, since industrial structure changing can optimize resource allocation and promote the development of industrial structure rationalization (Gan and Zheng 2009; Chong et al. 2013; Yang et al. 2019 ). Gan and Zheng (2009) used the "Theil index" to measure industrial structure rationalization and it is the prevailing method at present.
Considering that resource-based cities are usually dependent on one or a few industries, industrial diversification can be very different even between regions and cities that operate under similar national institutional conditions. This has led to a general interest in the role that local economic and industrial structures play in fostering (or hampering) industrial diversification (Shi and He 2011; Gan et al. 2011) .
Based on previous studies of the industrial structure transformation of prefecture-level resource-based cities in Northeast China, this paper selects three indicators of industrial structure diversification, rationalization and upgrading, conducting an empirical analysis on the transformation of industrial structure of these resource-based cities, exploring the existing problems in the process of the industrial structure transformation of these cities and providing in-depth analysis of urban industrial development issues in the context of the coordinated development of the regional economy. Most of the previous research literature only considered industrial structure upgrading but neglected Economies 2019, 7, 40 3 of 22 indicators of industrial structure diversification and rationalization. Much research targeted specific types of resource-based cities such as coal cities, forest cities and oil cities. The industrial transformation strategies proposed are narrowly applicable. Most studies focused on industrial restructuring but did not pay attention to specific industrial transformation paths, which may limit the effectiveness of policy recommendations.
This article contributes to the previous literature by selecting three indicators of industrial structure diversification, rationalization and upgrading instead of one or two indicators and by comparing all different types of resource-based cities in Northeast China instead of analysing just one type of resource-based city. The effects of industrial transformation on resource-based cities of the same kind are analysed and the development of industrial structure among provinces is compared. We expand the study in the area by conducting broader and more comprehensive research. In addition, instead of giving a general advice of industrial restructuring, the article tries to provide restructuring path by analysing the effect of industrial structure changing including industrial structure upgrading and rationalization on economic growth with the previous calculation results. We hope our research will provide more targeted policy recommendations for the industrial transformation path of resource-based cities in Northeast China.
The main purpose of the article is to analyse the problems in industrial structure evolution from a more comprehensive and comparative perspective and try to give advice on the restructuring path by analysing the influence of industrial transformation on economic growth. The outline of this article is as follows: In Section 2, the overview of resource-based cities classification in Northeast China and sample selected in the article will be introduced. In Section 3, analysis of industrial structure transition from diversification, rationalization and upgrading will be examined and compared. In Section 4, with calculation results from the above section, an empirical model will be used to analyse the impact of industrial transformation on economic growth. In Section 5, we will conclude with recommendations to facilitate industrial reconstructing and shed light on the sustainable development of resource-based cities in Northeast China.
Resource-Based City Classification and Sample Selection in Northeast China
According to the "Planning" and the division of administrative regions, among the 37 resource-based cities in the Northeast, there are 21 prefecture-level cities, 4 prefecture-level urban districts, 9 county-level cities and the remaining 3 are counties. In order to analyse and compare the industrial structure transformation effects of resource-based cities in Northeast China, this paper selects 21 prefecture-level resource-based cities in the Northeast as an analysis sample but due to the lack of data samples in some regions, 19 cities are finally selected except Daxinganling region and the Yanbian Koreans. Among the 19 cities, 9 belong to Heilongjiang Province, 5 belong to Jilin Province and 6 belong to Liaoning Province (Table 1 for details). The overall distribution is relatively uniform, which can reflect the overall effect of industrial transformation in resource-based cities in Northeast China to a certain extent. In addition, due to the significant differences in resources depended by resource-based cities in the Northeast, in order to better compare and analyse the selected resource-based cities according to the classification given by the research group of the National Bureau of Discipline Macroeconomic Research Institute on resource cities and the State Council's latest definition of resource-based cities in China, referring to the types of resources that the city relies on, the selected samples are classified. It was found that the sample resource-based cities mainly include coal cities, non-ferrous metallurgical cities, black metallurgical cities, petroleum cities and the forest cities. Of the 19 samples selected, 7 belong to Economies 2019, 7, 40 4 of 22 coal cities, 4 belong to forestry cities, 3 belong to ferrous metallurgy cities, 2 belong to non-ferrous metallurgical cities, 2 belong to petroleum cities and the last is a comprehensive development city, combining coal, iron, forest and other variety of resources (Table 2 . for details). In order to do comparison among the 19 resource-based cities, we calculate the ratios of GDP of each city to the total GDP of 19 cites. The calculation result is shown in Figure 1 . By analysing the types of resources relied on, the development stage of the city and the GDP output of these 19 cities, the following situations are found: (1) Coal cities are cities with a large proportion in the selected cities but its GDP accounts for only 19% of the selected cities and 6 of the 7 coal cities are in the declining stage of urban development, with Jixi being the only one in the mature stage of urban development; (2) In terms of output, Daqing has the highest proportion of GDP among the selected cities. However, Daqing is currently in the development stage of mature cities; (3) The GDP of most of the 19 cities selected is mainly contributed to by the exploitation and development of natural resources and only Songyuan is currently in a developing stage. Four cities (Anshan, Panjin, Tonghua, Huludao) are in the development stage of regenerative cities. Over 70% of cities are in the mature or declining stage of urban development. It can be seen that resource-based cities in Northeast China do need to transform their industrial structure. In order to acquire a comprehensive recognition of industrial structure transition of the selected cities, this paper carries out an in-depth analysis from three aspects of industrial structure diversification, rationalization and upgrading. selected, 7 belong to coal cities, 4 belong to forestry cities, 3 belong to ferrous metallurgy cities, 2 belong to non-ferrous metallurgical cities, 2 belong to petroleum cities and the last is a comprehensive development city, combining coal, iron, forest and other variety of resources (Table 2 . for details). In order to do comparison among the 19 resource-based cities, we calculate the ratios of GDP of each city to the total GDP of 19 cites. The calculation result is shown in Figure 1 . By analysing the types of resources relied on, the development stage of the city and the GDP output of these 19 cities, the following situations are found: (1) Coal cities are cities with a large proportion in the selected cities but its GDP accounts for only 19% of the selected cities and 6 of the 7 coal cities are in the declining stage of urban development, with Jixi being the only one in the mature stage of urban development; (2) In terms of output, Daqing has the highest proportion of GDP among the selected cities. However, Daqing is currently in the development stage of mature cities; (3) The GDP of most of the 19 cities selected is mainly contributed to by the exploitation and development of natural resources and only Songyuan is currently in a developing stage. Four cities (Anshan, Panjin, Tonghua, Huludao) are in the development stage of regenerative cities. Over 70% of cities are in the mature or declining stage of urban development. It can be seen that resource-based cities in Northeast China do need to transform their industrial structure. In order to acquire a comprehensive recognition of industrial structure transition of the selected cities, this paper carries out an in-depth analysis from three aspects of industrial structure diversification, rationalization and upgrading. GDP ratio of each resource-based city 
Analysis of Industrial Structure Diversification
Entropy is an important concept in thermodynamics and a parameter derived from the second law of thermodynamics. Entropy was originally used in physics to measure the degree of chaos in the system. It was originally proposed in 1854 by Clausius (T. Clausius) and in 1923 the Chinese physicist Professor Hu Gangfu translated it into "entropy." Entropy was later used in information economics to measure uncertainty, the degree of disorder of events or the degree of dispersion of indicators. In the industrial structure, the use of industrial structure entropy can describe the state of industrial structure system evolution, especially for single-function cities, using entropy to measure the diversification of industrial structure is also widely accepted by some scholars. The expression of industrial structure entropy is as follows:
Among them: H indicates the industrial structure entropy, n indicates the number of industries in the selected area and P i indicates the proportion of i industry output value in all industries in the region. A larger H indicates that the industrial structure is more disorder, out of order and diverse.
By selecting the GDP and the output value of each industry in the prefecture-level resource-based cities in Northeast China, the industrial structure entropy of each city is calculated through these data and the results of the calculation can analyse the diversification of the industrial structure of resource-based cities in Northeast China, which can discover the problems these resource-based cities have with their industrial transformation process.
The data used in this section are derived from China Statistical Yearbook 1996 -2016 , China City Statistical Yearbook 1996 -2016 , Liaoning Statistical Yearbook 1996 -2016 , Heilongjiang Statistical Yearbook 1996 -2016 , Jilin Statistical Yearbook 1996 -2016 and the corresponding years of the relevant cities Statistical Yearbook.
By calculating the industrial structure entropy of resource-based cities in Northeast China, we can find the structural changes in 1995-2015. The results are shown in Figures 2 and 3 . It can be seen from the calculation results that the overall industrial structure entropy of resource-based cities in Northeast China was concentrated between 0.8 and 1.4, the fluctuations were different in different periods. Between 1995 and 2003, the industrial structure entropy of most resource-based cities fluctuated less, indicating that there were fewer types of industries within these cities and the similarities between industries were high. Between 2003 and 2009, the industrial structure entropy of resource-based cities in Northeast China fluctuated greatly, indicating that the industrial diversification within the city had been constructed and the industrial structure entropy first declined and then increased, which indicates the deep development and close linkage of the industries and at the same time as the development of the tertiary industry was being promoted.
As for coal cities, the industrial structure entropy of Fushun City was at the lowest level in the initial stage but the industrial structure entropy had been gradually increased with the passage of time and was finally at the same level as the other coal cities, indicating that its industrial structure had been diversified since then. However, the economic entropy of Qitaihe in 2005 showed a greater decline than before and a downward trend between 2005 and 2010, the overall level was in the last position among all the coal cities, which indicates the diversified development of the industrial structure of Qitaihe had caused greater problems than in other coal cities. In 2011, the industrial structure entropy of Qitaihe began to rise and was at the same level as other coal cities in 2014, indicating that between 2011 and 2015, Qitaihe adjusted and the level of industrial structure diversification was restored; the industrial diversification development levels of the other five coal cities were basically at the same level in different years, including Fuxin as the first national pilot transformation city in the near future, with the best level of industrial structure diversification.
Among the non-ferrous metallurgical cities, the industrial structure entropy of Jilin and Huludao increased between 1995 and 2000, indicating that the industrial structure of these two cities had gradually diversified; between 2001 and 2005, the industrial structure entropy of Jilin showed a trend of decline after rise, while the city of Huludao showed the opposite trend. The two cities experienced a big gap in the diversification of industrial structure during the five years; before 2009, the industrial diversification level of Jilin was better than that of Huludao and after 2009, the industrial structure diversification level of Huludao began to exceed that of Jilin. The industrial diversification of Jilin showed a downward trend, while Huludao showed an upward trend and the industrial diversification gap between the two cities had increased year by year. However, in 2014, the industrial structure entropy of Huludao showed a significant decline, indicating that the city's industrial structure diversification decreased but the level of diversification was still better than that of Jilin.
In the ferrous metallurgical cities, the development trends of industrial structure diversification in the three cities were basically the same and the overall fluctuations were not large. The industrial structure of Tonghua had always been better than the other two cities. Benxi and Anshan were basically at the same level as the diversified development of the industry.
Among the oil cities, the industrial structure entropy of Daqing and Panjin showed the same trend but Panjin was significantly better than Daqing in terms of diversified industrial structure development. Daqing was also the most backward of all selected cities in the development of diversified industrial structure.
In terms of forest industry cities, the industrial diversification of the four cities before 2004 was basically at the same level of development. The industrial structure entropy of Mudanjiang showed a fluctuating downward trend and began to fall behind the other three cities in 1999.
After 2006, the industrial structure entropy of Mudanjiang began to show a growth trend and eventually returned to the original level; the industrial structure entropy of the remaining three cities except Yichun had declined and after 2008 the industrial structure entropy of the three cities had risen. The industrial diversification level of Yichun between 2004 and 2013 was the best among the 4 forest industry cities; the industrial structure entropy of Heihe showed an overall slowdown after a significant decline in 2005, which had been falling behind the other three forestry cities in terms of industrial structure diversification since 2009.
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It can be seen from the comparison of different resource-based cities that the average industrial structure entropy of non-ferrous metallurgical cities was 1.178 and the development of industrial diversification was fine, while the average industrial structure entropy of petroleum cities was 0.848 and the development was relatively poor comparing between provinces, it is shown that the development of resource-based cities in the Northeast is different. Liaoning Province had the best industrial diversification, followed by Heilongjiang Province, with Jilin Province showing the smallest gap in industrial structure entropy and the worst performance of industrial diversification. Among all the resource-based cities surveyed, Fuxin, as the country's first pilot city for transformation and reform, had a higher industrial structure entropy and the best development in industrial diversification. Although the industrial structure of Daqing had been adjusted, it was still dominated by industry. Its industrial structure entropy had been lowered than other resource-based cities and its performance in industrial diversification was slightly worse.
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Analysis of Industrial Structure Rationalization
The Theil Index is named after Theil and Scholes (1967) , which uses the entropy concept of information theory to calculate income inequality, also known as the Theil's entropy measure. As for information theory, assuming that an event E will occur with a certain probability and then receive a confirmation message to verify the occurrence of the event E, the amount of information contained in the message can be expressed by the formula:
Let the probability of occurrence of a complete event group be , ,… , consisting of events , ,… , therefore ∑ = 1 , entropy or the expected amount of information equals to the sum of the products of the information of each event and its corresponding probability, then the formula comes to be:
When the concept of Entropy index in information theory is used to measure the income gap, it can be interpreted as the amount of information contained in the message that converts the population share into income share. The Theil index is only a special case of the widely used Entropy index. The expression of the Theil index is:
In the formula, T is the Theil index to measure the degree of income gap, is the income and is the average income of all individuals. For grouped data, another expression for the Theil index is:
T = ln
In the formula, is the proportion of the k-th sample's income among the overall income, is the proportion of the k-th sample's population among the overall population. This paper uses the Theil index to measure the rationality of the industrial structure. Through the redefinition of the Theil index, the rationality of the industrial structure is measured. Some 
Analysis of Industrial Structure Rationalization
The Theil Index is named after Theil and Scholes (1967) , which uses the entropy concept of information theory to calculate income inequality, also known as the Theil's entropy measure. As for information theory, assuming that an event E will occur with a certain probability p and then receive a confirmation message to verify the occurrence of the event E, the amount of information contained in the message can be expressed by the formula:
Let the probability of occurrence of a complete event group be p 1 , p 2 , . . . p n , consisting of events E 1 , E 2 , . . . E n , therefore n i=1 p i = 1, entropy or the expected amount of information equals to the sum of the products of the information of each event and its corresponding probability, then the formula comes to be:
In the formula, T is the Theil index to measure the degree of income gap, y is the income and y is the average income of all individuals. For grouped data, another expression for the Theil index is:
In the formula, ω k is the proportion of the k-th sample's income among the overall income, e k is the proportion of the k-th sample's population among the overall population. This paper uses the Theil index to measure the rationality of the industrial structure. Through the redefinition of the Theil index, the rationality of the industrial structure is measured. Some Chinese scholars have used the newly defined Theil index to analyse the rationalization of industrial structure (Gan et al. 2011) . The new calculation formula is as follows:
In the formula, Y represents the output value, L means employment, Y L expresses productivity, when the economy develops in a balanced manner,
, TL = 0. Moreover, the use of this index takes the relative importance of the industry into consideration, retaining the theoretical basis and economic implications of structural deviation and avoiding the calculation of absolute values. The closer the Theil index is to zero, the more reasonable the industrial structure.
By selecting the total output value, the three industries' output values and the number of employees in the tertiary industry of the prefecture-level resource-based cities in Northeast China in relevant years, the calculation of the Theil index is carried out and the development of the industrial structure rationalization of resource-based cities in Northeast China can be analysed from the results of the calculation, to find out the problems that these resource-based cities have in the process of industrial transformation.
The data used in this section are derived from China Statistical Yearbook 1996 -2016 , China City Statistical Yearbook 1996 -2016 , Liaoning Province Statistical Yearbook 1996 -2016 , Heilongjiang Province Statistical Yearbook 1996 -2016 , Jilin Province Statistical Yearbook 1996 -2016 and the corresponding years' Yearbook of relevant cities.
By calculating the Theil index of the resource-based cities in the northeast region, we can find the changes in the industrial structure rationalization of the resource-based cities selected from 1995 to 2015. The results are shown in Figure 4 . It can be seen from the calculation results that the Theil index for the selected resource-based cities was mostly less than 0.8. Between 1995 and 1997, the Theil index of the resource-based cities generally fluctuated slightly, indicating that the industrial structure was relatively reasonable. Between 1998 and 2003, the Theil index showed large fluctuations, indicating that the original industrial structure had changed and the degree of industrial rationalization had decreased. The reason for this change was that the city carries out economic reforms, which promotes changes in the industrial structure. The employment situation had changed in a certain period of time and the employees of related industries had shifted to the tertiary industry, breaking the layout of the original industrial structure. The Theil index did not fluctuate a lot between 2004 and 2009 and the index value was smaller than before. This indicates that the industrial structure was developing in a rational direction. The reason for this change was that the relevant industry employees continue to shift to the tertiary industry and the industrial chain had been strengthened, so that the industrial output value continues to increase. In addition to individual cities between 2010 and 2015, the changes in the Theil index tended to be flat, indicating that the industrial structure was reasonable and stable. The reason was that the three industrial structures had gradually stabilized after adjustment and the GDP growth slowed down. Among the non-ferrous metallurgical cities, the degree of deviation from the coordinate axis of the Theil index of Huludao is higher than that of Jilin, indicating that Jilin was superior to Huludao in terms of industrial structure rationality. The Theil index of Jilin showed relatively obvious growth in 1997 and began to decline in 1999, since then the downward trend had continued. It showed that between 1997 and 1999, the industrial structure of Jilin had undergone obvious adjustment and industrial structure rationality had undergone significant changes. Between 1999 and 2012, the Theil index of Jilin City showed a downward trend as a whole, from 0.23 to 0.04 and the industrial structure gradually became reasonable. Since 2013, the Theil index of Jilin had shown an upward trend but the increase was relatively low. The industrial structure was still more reasonable than that of Huludao. The Theil index of Huludao showed an upward trend in 1997 and a significant decline in 2007, indicating that the industrial structure adjustment occurred in Huludao from 1997 to 2007. Between Among the non-ferrous metallurgical cities, the degree of deviation from the coordinate axis of the Theil index of Huludao is higher than that of Jilin, indicating that Jilin was superior to Huludao in terms of industrial structure rationality. The Theil index of Jilin showed relatively obvious growth in 1997 and began to decline in 1999, since then the downward trend had continued. It showed that between 1997 and 1999, the industrial structure of Jilin had undergone obvious adjustment and industrial structure rationality had undergone significant changes. Between 1999 and 2012, the Theil index of Jilin City showed a downward trend as a whole, from 0.23 to 0.04 and the industrial structure gradually became reasonable. Since 2013, the Theil index of Jilin had shown an upward trend but the increase was relatively low. The industrial structure was still more reasonable than that of Huludao. The Theil index of Huludao showed an upward trend in 1997 and a significant decline in 2007, indicating that the industrial structure adjustment occurred in Huludao from 1997 to 2007. Between 2007 and 2012, the Theil index of Huludao was relatively stable, with no major changes, indicating that there was no significant change in the industrial structure rationality in Huludao. In 2014, the Theil index of Huludao began to show an upward trend and the level of industrial structure rationalization was worse than that of 2007 to 2012.
Among the ferrous metallurgical cities, the development trend of industrial structure rationalization of the three cities was basically the same between 1995 and 2006. In 1997, the Theil index of the three cities showed a significant increase and began to decline in 1998. Between 1997 and 2006, the industrial structure rationalization of Tonghua was significantly better than that of Benxi and Anshan. After 2006, the Theil index of Anshan and Tonghua showed a downward trend, while that of Benxi showed an upward trend, indicating that the industrial structure of Anshan and Tonghua was gradually more reasonable and Benxi had an adjustment of industrial structure. In 2014, the Theil index of Benxi declined significantly and the Theil index was smaller than the other two ferrous metallurgical cities later, which was the best in terms of industrial structure rationalization.
Among the oil cities, the Theil Index of Daqing showed an upward trend in 1996 and began to decline in 2010 but between 1996 and 2010, the Theil index of Daqing was much higher than that of Panjin and the Theil index of Daqing was also relatively high in all selected cities, indicating that there was a seriously unreasonable phenomenon in the industrial structure of Daqing. After 2010, the Theil index of Daqing showed a large decline but it was still higher than other selected cities in the same period. By analysing the three industries' proportion in GDP of Daqing, it could be found that despite the adjustment of industrial structure in Daqing and the decline in the proportion of secondary industry since 2014 and the further narrowed gap between the proportion of secondary and tertiary industry in 2015, the GDP contribution rate of the secondary industry had been much higher than that of the primary industry. Daqing had always been a resource-based city with the petroleum industry as its pillar industry. The Theil index of Panjin was generally on the rise but its own change was not large, indicating that Panjin had undergone industrial restructuring but the industrial structure had not been reasonably adjusted. Through the three industries' GDP ratio with Panjin, it can be found that after 2009, in Panjin, also an oil city, the proportion of GDP of the tertiary industry began to increase significantly and the industrial structure showed a relatively obvious adjustment. Since 2014, the proportion of secondary production had started to decline and the proportion of tertiary production had obviously begun to increase. In 2014 and 2015, Daqing and Panjin were at the same level in terms of the industrial structure rationalization, as shown in Figure 5 . 2007 and 2012, the Theil index of Huludao was relatively stable, with no major changes, indicating that there was no significant change in the industrial structure rationality in Huludao. In 2014, the Theil index of Huludao began to show an upward trend and the level of industrial structure rationalization was worse than that of 2007 to 2012. Among the ferrous metallurgical cities, the development trend of industrial structure rationalization of the three cities was basically the same between 1995 and 2006. In 1997, the Theil index of the three cities showed a significant increase and began to decline in 1998. Between 1997 and 2006, the industrial structure rationalization of Tonghua was significantly better than that of Benxi and Anshan. After 2006, the Theil index of Anshan and Tonghua showed a downward trend, while that of Benxi showed an upward trend, indicating that the industrial structure of Anshan and Tonghua was gradually more reasonable and Benxi had an adjustment of industrial structure. In 2014, the Theil index of Benxi declined significantly and the Theil index was smaller than the other two ferrous metallurgical cities later, which was the best in terms of industrial structure rationalization.
Among the oil cities, the Theil Index of Daqing showed an upward trend in 1996 and began to decline in 2010 but between 1996 and 2010, the Theil index of Daqing was much higher than that of Panjin and the Theil index of Daqing was also relatively high in all selected cities, indicating that there was a seriously unreasonable phenomenon in the industrial structure of Daqing. After 2010, the Theil index of Daqing showed a large decline but it was still higher than other selected cities in the same period. By analysing the three industries' proportion in GDP of Daqing, it could be found that despite the adjustment of industrial structure in Daqing and the decline in the proportion of secondary industry since 2014 and the further narrowed gap between the proportion of secondary and tertiary industry in 2015, the GDP contribution rate of the secondary industry had been much higher than that of the primary industry. Daqing had always been a resource-based city with the petroleum industry as its pillar industry. The Theil index of Panjin was generally on the rise but its own change was not large, indicating that Panjin had undergone industrial restructuring but the industrial structure had not been reasonably adjusted. Through the three industries' GDP ratio with Panjin, it can be found that after 2009, in Panjin, also an oil city, the proportion of GDP of the tertiary industry began to increase significantly and the industrial structure showed a relatively obvious adjustment. Since 2014, the proportion of secondary production had started to decline and the proportion of tertiary production had obviously begun to increase. In 2014 and 2015, Daqing and Panjin were at the same level in terms of the industrial structure rationalization, as shown in Figure  5 . Among the forest industry cities, the Theil index of Songyuan, Mudanjiang and Heihe showed a trend of first increasing and then decreasing but the changes of the three cities occurred in different years and the Theil index of Songyuan and Mudanjiang had the largest change. After 2004, the industrial structure rationalization in Heihe was optimal among the forest industry cities. The Theil Among the forest industry cities, the Theil index of Songyuan, Mudanjiang and Heihe showed a trend of first increasing and then decreasing but the changes of the three cities occurred in different years and the Theil index of Songyuan and Mudanjiang had the largest change. After 2004, the industrial structure rationalization in Heihe was optimal among the forest industry cities. The Theil Index of Yichun had fluctuated and was at a low level in 2014 and 2015, indicating that the industrial structure was relatively reasonable.
Baishan, as a coal, iron and forest comprehensive city, the Theil Index showed a large change between 1997 and 2003, indicating that Baishan had undergone a large industrial restructuring during this period and the adjustment range was greater than other selected cities. After 2003, the Theil index of Baishan re-emerged and began to decline in 2011, reaching a relatively low level in 2012, indicating that the assignment in rationalizing the industrial structure of Baishan was effective.
It can be seen from the comparison of different resource-based cities that the average value of the forest industry cities' Theil index was 0.111 and the development of industrial rationalization was relatively good, while the average value of the oil cities' Theil index was 0.446 and the development was relatively poor. Through the comparison among provinces, it can be found that there were large differences in the rational development of the industrial structure of resource-based cities in various provinces. The Theil index of Heilongjiang Province differed a lot, presenting polarization characteristics but the overall volatility trend was relatively flat and the entire industrial structure was better than that of Jilin Province and Liaoning Province.
Analysis of Industrial Upgrading
Referring to the measurement of industrial upgrading, two indicators are usually mainly used. The first indicator is based on Clark's law, which measures the degree of industrial upgrading by the proportion of the secondary industry and the tertiary industry's output value in GDP; the second indicator is the ratio of tertiary industry to secondary industry output value used by Gan et al. (2011) . The first indicator measures the proportion of non-agricultural industries, which is more traditional. The second indicator takes into account that nowadays many countries have basically achieved industrialization and the tertiary industry has exceeded the secondary industry. This paper selects the second indicator to measure the degree of industrial structure upgrading because it is simpler and direct, which can be called TS value and the formula is as follows: TS = (GDP of the tertiary industry)/(GDP of the secondary industry)
The higher the TS value, the more upgraded the industry. The data used in this section are derived from China Statistical Yearbook 1996 -2016 , China City Statistical Yearbook 1996 -2016 , Liaoning Province Statistical Yearbook 1996 -2016 , Heilongjiang Province Statistical Yearbook 1996 -2016 , Jilin Province Statistical Yearbook 1996 -2016 and the corresponding years' Yearbook of relevant cities.
The calculation found that the TS values of most resource-based cities in Northeast China were less than 1 between 1995 and 1999 and the volatility was relatively stable, as shown in Figure 6 . This reflected that the main industry of resource-based cities in the Northeast was the secondary industry and the development of the tertiary industry was relatively slow. Between 2000 and 2004, TS value showed a slight decline. Between 2005 and 2009, TS experienced a large fluctuation and showed a trend of rising first and then decreasing, indicating the adjustment of industrial structure of resource-based cities in Northeast China, the output value of the tertiary industry had developed considerably and then there had been a certain decline. Between 2010 and 2015, TS value changed slightly and it showed a trend of decreasing first and then rising. It showed that the industrial structure had returned to a stable state and the upgrading process had developed steadily. Among the provinces, the average value of industrial upgrading index of the resource-based cities selected by Heilongjiang Province was 0.95 and the average value of industrial upgrading index of the resource-based cities selected by Jilin Province was 0.83, while the average value of industrial upgrading index of the resource-based cities selected by Liaoning Province was 0.69. In general, the level of industrial upgrading of Heilongjiang Province was at an optimal position.
Since 1995 Among the forest industry cities, the level of the industrial upgrading of Heihe had always been above 1.5, which was basically at the optimal level in all forest industry cities. The level of industrial upgrading of Mudanjiang had always been around 1. The level of industrial upgrading of Songyuan had always been at the last position in the forest industry cities. As a whole, all the forest industry cities had experienced a great development of industrial upgrading between 2004 and 2009 and after 2013, the industrial upgrading grew with a more upward trend compared to that during 2010 to 2013.
As a comprehensive city of coal, iron and forest, Baishan's development of industrial upgrading was relatively stable but in the period of 2010 to 2014, the level of industrial upgrading declined, from the average of 0.61 from 1995 to 2009, changed to the average of 0.52 from 2010 to 2014. However, in 2015, the industrial upgrading level of Baishan increased to 0.60, returning to the previous stage.
It can be seen from the comparison of different resource-based cities that the average TS value of the forest industry cities was 1.174 and the development of industrial upgrading was relatively good, while the average TS value of oil cities was 0.258 and the development was relatively poor. It can be found from the inter-provincial comparison that the degree of industrial upgrading of Heilongjiang Province was generally better than that of Jilin Province and Liaoning Province. However, among the selected resource-based cities, Heihe, which had the best industrialization level and the worst Daqing both belong to Heilongjiang Province and the industrial upgrading levels of the two cities are quite different. Among the three provinces, the overall level of industrial upgrading development of of Heilongjiang Province and Liaoning Province was generally on the rise but the total extent was not very large. 
Summary
In this section, the value of 3 indexes of industrial structure entropy, the Theil index and TS of 19 resource-based cities during the period of 1995-2015 were calculated and compared.
It has been found that, in respect of the diversification of industrial structure, the development of non-ferrous metallurgical cities was relatively fine and the development of petroleum cities was relatively poor. The development of Liaoning Province was better than that of Heilongjiang Province and Jilin Province.
As for the rationalization, the forest industry cities was relatively good, while the oil cities was relatively poor. Among provinces, there were large differences. Heilongjiang Province presented polarization characteristics but the overall volatility trend was relatively flat and the entire industrial structure was better than Jilin Province and Liaoning Province.
As for industrial upgrading, the forest industry cities was relatively good, while the oil cities was relatively poor. Heilongjiang Province was generally better than that of Jilin and Liaoning Province, though the best and worst industrialization level cities both belong to Heilongjiang Province. The overall level of industrial upgrading development of Jilin Province was relatively stable among the three provinces. On the whole, although the tertiary industry had a certain degree of development, only several individual cities' industrial adjustment was ideal and the secondary industries of some cities still occupy a relatively high share. Thus it can be seen, the industrial upgrading should be a long-term project for the resource-based cities in the Northeast China.
Through analysis, it was also found that the changes of the industrial structure of these resourcebased cities coincided with the implementation of the state's revitalization strategy for the Northeast region. In October 2003, the State Council issued "Opinions on the Implementation of Revitalization Strategies for the Old Industrial Bases in Northeast China" and afterwards resource-based cities in Northeast China gradually began to transform their industries. Between 2004 and 2009, more and more resource-based cities in the Northeast such as Baishan and Liaoyuan began to transform their industries. In September 2009, the State Council issued "Opinions on Further Implementation of Revitalization Strategies for the Old Industrial Bases in Northeast China," which clearly defined further transformation of resource-based cities and promoted sustainable development. Between 2010 and 2014, the resource-based cities in the Northeast had entered the stage of all-around industrial transformation, each city had developed relevant industries based on its own advantages and conditions and the economy had achieved great development. However, how the industrial transformation impacted economic development should be examined further. 
Through analysis, it was also found that the changes of the industrial structure of these resource-based cities coincided with the implementation of the state's revitalization strategy for the Northeast region. In October 2003, the State Council issued "Opinions on the Implementation of Revitalization Strategies for the Old Industrial Bases in Northeast China" and afterwards resource-based cities in Northeast China gradually began to transform their industries. Between 2004 and 2009, more and more resource-based cities in the Northeast such as Baishan and Liaoyuan began to transform their industries. In September 2009, the State Council issued "Opinions on Further Implementation of Revitalization Strategies for the Old Industrial Bases in Northeast China," which clearly defined further transformation of resource-based cities and promoted sustainable development. Between 2010 and 2014, the resource-based cities in the Northeast had entered the stage of all-around industrial transformation, each city had developed relevant industries based on its own advantages and conditions and the economy had achieved great development. However, how the industrial transformation impacted economic development should be examined further.
The Impact of Industrial Transformation on Economic Growth in Resource-based Cities of Northeast China
A city's goal of industrial transformation is to promote economic development, this paper empirically analyses the impact of industrial structure adjustment of resource-based cities in Northeast China on economic growth, trying to provide more detailed and specific policy recommendations for the transformation of resource-based cities in the Northeast from the perspective of industrial structure.
Sample Selection
It can be seen from the above analysis that the industrial structural diversification, rationalization and upgrading of resource-based cities in Northeast China were different in three aspects, which provides a rich sample for analysing the impact of industrial structure transformation in Northeast China on the economy. In this Section, the panel data of 19 resource-based cities in Northeast China from 2001 to 2015 was used as a basic analysis sample. The calculation results of indexes to measure the industry rationalization and upgrading-called the Theil index and TS value respectively in different years-were used.
The panel data can be regarded as an observation of several characteristics of a sample unit at a certain point of time or a continuous observation of these characteristics of the sample unit over a period of time. Using the panel data can not only obtain more valuable combination of time series and cross-section data, but it can also increase the variability between variables while reducing the collinearity between variables and improve the degree of freedom and validity of the data in empirical analysis when compared with the case of using only cross-section or time-series data. On the other hand, since the panel data is related to the research units in a certain period of time (such as different countries, regions, cities, enterprises, individuals, etc.), the panel data estimation method can distinguish the differences very clearly because of considering the specific individual variables. Besides it can also monitor the effects better which cannot be observed using cross-section data or time series data. Therefore, in order to use the model more effectively to observe the influence of the economic structure of resource-based cities in Northeast China on economic growth, this chapter summarizes the panel data from 1995 to 2015 of 19 resource-based cities in Northeast China as analysis samples. While during the process of sorting, it was found that the statistical patterns of some variables changed between 1995 and 2000, resulting in a serious lack of required data. Therefore, in order to prevent the missing data from having a large impact on the model analysis and to ensure. The panel data has a cross-sectional dimension (N individuals) and a time dimension (T periods), which can be divided into long panel data and short panel data according to the value of N and T. When T is small, N is large, and T < N, it is called short panel data. Conversely, when T is large, N is small, and T > N, it is called long panel data. Since this section selects the panel data from 2001 to 2015 of 19 resource-based cities in Northeast China as analysis samples, which N is 19 and T is 15, and N > T, the data analyzed in this chapter is regarded as short panel data.
In the modelling, the industrial structure entropy, which was used to measure the industrial structural diversification, was not taken into consideration. The reasons are as follows: Firstly, although the industrial structure entropy can measure the degree of industrial diversification of a city, considering that industrial diversification is a relative measure index, the development of urban industrial types should have certain limits. Through studies, Zhang and Yang (2011) found that there is an inverted "U" relationship between diversification and economic growth and there is an optimal value for the regional industrial diversification level rather than the higher the better; Secondly, as a resource-based city, when the industrial structure is transformed, it should select the leading industries that need to be developed in a key way, rather than simply upgrading the types of industries; Thirdly, the impact of industrial diversification in different cities is different. Through studies, Shi and He (2011) found that industrial diversification is beneficial for the economic growth of super cities, megacities and large cities, which is not conducive to the economic growth of medium-sized and small cities. Although the research objects selected in this paper are all prefecture-level cities, the cities are still different in terms of size. Based on the above reasons, this Section just analyses the impact of industrial structure rationalization and upgrading on economic growth and the factor industrial structure diversification has not been placed in this modelling indicator.
In summary, when constructing a model of the impact of industrial structural transformation on economic growth, the Theil index and the industrial structure upgrading index TS are used as independent variables and GDP as a measure of economic change becomes the dependent variable of the modelThe initial model is as follow:
where the i represents the No.i resource city in the sample, the t is used to indicate time, it represents the data of the No.i city at time t. The y is used to represent the gross domestic product (GDP) of the city, the TL and TS in the model are used to represent the measurement indicators of industrial structure rationalization and upgrading mentioned above. The u is the independent identically distributed stochastic error term of the model, β 0 is the intercept term. α i indicates individual effect.
Model Construction
In actual economic activities, considering that there are many factors that affect economic growth, the change of industrial structure is only one of the factors affecting economic growth. Therefore, in order to better analyse the relationship between the changes in industrial structure and the changes in economic growth, the addition of control variables becomes an indispensable part of the model. From the angle of Cobb-Douglas production function, the input of production factors of capital and labor have important impact on economic growth. Therefore, we take the measurement indexes of capital and labor into the model as controlled variables. The indexes of fixed-asset investment and unit employed population are chosen respectively to measure capital and labor. By considering the indicators of the measuring unit of GDP, fixed-asset investment and unit employed population are different, in order to make the data stable and decrease heteroscedasticity and collinearity, the logarithmization process is carried out when constructing the model. Finally, the model setting is as follows:
where the i represents the No.i resource city in the sample, the t is used to indicate time, it represents the data of the No.i city at time t. The y is used to represent the gross domestic product (GDP) of the city. The TL and TS in the model are used to represent the measurement indicators of industrial structure rationalization and upgrading mentioned above. The u is the independent identically distributed stochastic error term of the model. β 0 is the intercept term. α i Indicates individual effect. The GDTZ and the CYRS Indicate the fixed-asset investment and unit employed population. Because the smaller the Theil Index indicates the more reasonable the industrial structure, the Theil Index is a negative dimension index, we need to take the opposite of TL to make forward controlling before the further analysis with data. The description for the variables and their expected symbols are shown in Table 3 . Note: ***, ** and * respectively indicate that the value of the test statistic is significant at the significant levels of 1%, 5% and 10%. What in parentheses is the accompanying probability of the corresponding test statistic.
As can be seen from Table 4 , the corresponding probability values of the LLC test statistic of all the original sequences of the variables are very small (<0.01) and the null hypothesis of "unit root exists" can be rejected, indicating that the original sequence data of all variables is stable and be able to do the model regression.
Model Analysis
There are three models of panel data: fixed effects model, random effects model, and mixed effects model. Combined with the analysis of the model, it can be known that the model can only be a fixed effects model or a random effects model. When the model cannot be judged clearly for a specific type, we use different methods for regression analysis in the above two models. The regression results are shown in the Note: The measurement results in this paper are derived from stata 14.0. ***, **, and * indicate that the value of the test statistic is significant at the significant level of 1%, 5%, and 10%, respectively.
It can be seen from the data in Table 6 that the Hausman test results are significant. The model rejects the null hypothesis of the random effects model and accepts the alternative hypothesis of the fixed effects model. Therefore, it can be concluded that the model is a fixed effects model. According to the conclusions obtained by the Hausman test and the regression results of the model, it is known that the p values of the regression coefficient of TL and TS are both less than 0.05, which are significant. The regression coefficient of TL is 0.3134, and the regression coefficient of TS is 0.1955, both of them are positive. This shows that the rationalization and upgrading of the industrial structure have a positive effect on the economic growth of resource-based cities in the Northeast. Under the same conditions, for every 1% increase in the rationalization index of the industrial structure (TL), GDP increased by 0.31% year-on-year, and for every 1% increase in the upgrading index of the industrial structure (TS), GDP increased by 0.20% year-on-year. Besides the regression coefficient of TL is larger than that of TS, indicating that the rationalization of industrial structure is more important for economic growth than the upgrading of industrial structure. This conclusion can provide guidance or advice for the subsequent adjustment of industrial structure in the Northeast.
Result
Through the regression model, it can be found that the rationalization and upgrading of industrial structure had promoted the economic growth of resource-based cities in Northeast China and the effect of the industrial structure rationalization was greater than the effect of industrial structure upgrading in economic growth. For various reasons, the role of industrial structure diversification in the economic growth of resource-based cities in Northeast China could not be analysed. In future research, we will continue to analyse the role played by the industrial structure diversification and improve the model, so as to provide more comprehensive suggestions for the resource-based cities in Northeast China to promote economic development with industrial structure transformation.
Conclusions
This article comparatively analyses the development of industrial structure from three aspects: industrial structure diversification, rationalization and upgrading and the impact of rationality and upgrading on economic growth of resource-based cities economy in Northeast China is empirically analysed. In order to promote the sustainable development and solve problems in the process of these cities' development, two suggestions are proposed for the transformation of industrial structure of resource-based cities in Northeast China:
Firstly, in the adjustment of industrial structure, should pay great attention to the rationalization of industrial structures. The development of resource-based cities mainly relied on the exploitation of special resources and develop resource-based industries, which made the layout of industrial structures were usually not reasonable. During the period of industrial transition, though the proportion of pillar industry will decrease and the substitute industries will increase, but the whole outlay of industrial structures may be not reasonable. So it is a must for the resource-based cities to pay attention the rationalization of industrial structures during industrial transformation, which can be achieved by strengthening the industrial linkage and promoting horizontal cooperation. At the provincial level, there are same kind of resource-type cities belong to different provinces. For example, the coal cities-Jixi City, Liaoyuan City and Fushun City-belong to Heilongjiang Province, Jilin Province and Liaoning Province, respectively. By comparing the development of the industrial structure of resource-based cities in Northeast China, we can learn that the development of industrial structure of the three north-eastern provinces was different. This situation had led to limited resource consumption in the Northeast region in the repeated development among industries. Therefore, it is necessary to strengthen the overall planning of resource-based cities in the Northeast region, promote regional coordination and rationally arrange and adjust the industrial structure from the overall scope of the region, improve the labour division and cooperation between regions, thereby improving the level of rationalization of the industrial structure between provinces.
Secondly, continue to promote the process of industrial structure upgrading. While the resource-based cities in Northeast China are carrying out the transformation and upgrading of original industrial technology, it is possible to combine the characteristics of its own city and vigorously develop the tertiary industry with urban characteristics, thus promoting the development process of industrial structure upgrading. Since most resource-based cities in Northeast China belong to a declining type and new industries impact traditional industries, in the development of industry, the resource-based cities in the Northeast need to introduce substitute industries to gradually reduce their dependence on traditional resource-based industries. In the choice of industry, high-tech industries through preferential policies should be introduced and develop relevant industries based on the advantages of the cities. This will upgrade the industrial structure and change the original single resource-based industrial layout. For example, Fushun City, a coal city, relied on coal resources to develop deep-processing industries such as coal chemical industry and electric power industry in addition to developing characteristic industries, had achieved a good transformation effect. While Daqing City, where the industrial structure adjustment effect was not very good, relied on the advantages of the original petrochemical industry, vigorously developed the petrochemical equipment manufacturing industry, formed an industrial cluster and extended the original industry. It can be seen that successful industrial transformation is difficult to achieve by relying on the original industry and extending the original industry only. More importantly, the traditional industries should carry out technology upgrading and enterprise reorganization and develop upgraded industrial clusters, improve the production efficiency of enterprises and the technological content and competitiveness of products. Author Contributions: G.H., the designer, supervisor and reviewer of the paper; Z.Z., the original author of the graduation thesis for a master degree; T.Z., contribution to collecting the data; Y.M., contribution to collecting the data.
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